The far-infrared absorption spectrum of n-type GaAs is of interest for applications such as GaAs photoconductors and Blocked Impurity Band (BIB) detectors. The linear optical absorption coefficients α for three n-type GaAs films of varying doping concentrations have been measured in the range of 10 to 100 ) in the far-infrared due to its low donor electron binding energy (6 meV). 2 This property makes extrinsic GaAs sensitive to radiation of wavelengths greater than 300 µm, while current photoconductor technology operates only up to 220 µm. Photoconductor detectors are highly desirable for application in high-altitude and space-based far-infrared telescopes due to their high sensitivity and ease of integration compared to thermal detectors (bolometers). Efforts to develop such devices are underway, 3 however, their design requires a knowledge of the optical absorption characteristics of n-type doped GaAs in the far-infrared. A determination of the broadening of the donor impurity band in GaAs with increasing dopant concentration is also required, as this effect leads to a reduction of the shallow donor thermal ionization energy and longer wavelength response. The low temperature far-infrared absorption spectrum of n-type GaAs has not been measured quantitatively as a function of doping concentration.
Here we present a study based on absorption spectrometry to determine the far-infrared linear (Table I ). Based on the measured free electron concentration and mobility we estimate the compensation 9 of the films to be between 60-70% for samples 294 and 295, and 80-90% for sample 286.
All samples were lapped and polished before analysis. Lapping using .3 µm alumina grit slurry was followed by colloidal silica chemo-mechanical polishing on a rotary polishing machine. Lapping was performed to adjust the total absorbance (αx) of each sample in order to optimize the sensitivity of absorption measurements and to achieve as flat a film surface as possible. The substrate face of each sample was lapped at a 1° angle towards the epilayer to avoid Fabry-Perot oscillations within the sample.
Absorption measurements were taken at 1.35 K in a pumped liquid He test Dewar, using a stepping mirror
Fourier transform infrared spectrometer with a 50 µm thick Mylar beamsplitter. Cold black polyethylene and a cold 100 cm -1 low pass filter 10 were inserted into the beam path to reject band-edge light and to increase the signal to noise ratio in the spectral band of interest. Transmission was measured using a neutron transmutation doped (NTD) Ge bolometer detector. 11 The light source, a mercury arc lamp, was chopped at 13 Hz.
The substrate absorption was cancelled by taking a ratio of the total transmitted intensities of the film+substrate to that of a semi-insulating GaAs reference substrate of the same wedged configuration, Here α is the linear optical absorption coefficient, R is the reflectivity, and t is thickness. The equation takes into account the multiple internal reflections that can occur within the sample and substrate. We have assumed the absorption coefficient of the semi-insulating substrate to be negligibly small. This assumption is justified by the low extinction coefficient of the material in the range of 10 to 100 cm -1 (1.2 to 3.6x10 -3 ) 12 giving rise to an absorption coefficient of α=.34 cm -1 . Such a small value can be neglected compared to the absorption of the doped films. The reflectivity is estimated to be R=0.317 based on measurements of the index of refraction for semi-insulating GaAs in the frequency range of interest. 8 The absorption spectra obtained from the three films after performing a ratio with the reference sample are shown in Figure 1 and ionized impurities. The relative importance of this effect depends upon the compensation level of the material. 14 The broadening due to the exchange interaction can be estimated using a simplified model of donors occupying a simple cubic lattice. Broadening due to exchange interaction for a donor electron is related to the overlap integral with its nearest neighbors (coordination number z=6 for simple cubic) B=2zI. (a/a h ) , where E ry is the Rydberg energy (~4.6 meV), a is the average inter-impurity spacing (taken to be N d -1/3 ), and a h is the Bohr radius for donors in GaAs. Upon applying this theory (Table I) to the three samples we find relatively good agreement only at the higher concentrations. The reason for the large underestimation of the broadening at 1x10 15 cm -3 is most likely due to Stark broadening as discussed above. At the higher concentrations, impurity band broadening has occurred to a much more significant extent, and begins to outweigh the effect of the random electric field dispersion.
The formation and widening of impurity bands is best demonstrated in Figure 3 , which displays the spectra for samples 294, 295, and 286 normalized to their respective maxima. For the least doped sample, 286, the absorption spectrum is less broad and slightly shifted to higher energy, as the impurity band in this sample is not well formed at this concentration. The extended absorption at longer wavelength in the more highly doped films is obvious. Stillman et al. 15 demonstrated this trend in GaAs at lower doping concentrations using photoconductivity measurements. Such measurements are impossible at the doping levels used in this study, since the hopping and impurity band conduction are dominant, exceeding the photocurrent. The data near 70 cm -1 have been omitted in the spectra because they coincide with the first spectral minimum of the beamsplitter, leading to a dramatic reduction of the signal to noise ratio.
In conclusion we have determined the far-infrared linear absorption spectra for compensated, n- 
